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tated on the (001) plane by priority. 



(57) Abstract: A piezoelectric element includes a substrate 
(11), on which an adhesion layer (12) is provided. On this 
adhesion layer (12), there is provided a first electrode layer 

(14) made of a noble metal containing titanium or titanium 
oxide. On this first electrode layer (14), there is provided an 
orientation control layer (15) orientated by priority on the 
plane (100) or plane (001). The orientation control layer 

(15) has such a surface and its vicinity on the first electrode 
(14) side that a region of the plane (100) or the plane (001) 
orientation exists on the titanium or titanium oxide located 
on the surface of the orientation control layer ( 1 5) side of the 
first electrode layer (14) and the aforementioned region has 
an area on the cross section vertical to the layer thickness di- 
rection becoming greater from the first electrode layer (14) 
side toward the opposite side. On this orientation control 
layer (15), there is provided a piezoelectric layer (16) orien- 
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IMMKl 1(±> S itI|5B:5^)©-e^i^d:<^ ii'yT.m^^. ^S^fe 

±HB^*ji 1 2±{c(is m^i^O. 2 2jLLml:$>-oX2. l^;i/%0Ti^»L 
(Pt) *^^:fe^^l®m<iMl 4Asjf$^^nTV^'2)o CCD^lCDS^iMl 4 
{±(111) ®iE|p]^^d:oTV^^o 
±mmi(DmMmi 4±lZlt, (La) ©^WaAU 2^;i/%trfe!9>?PO 

D:/;^*-r hM^^^?g<&^Ti>PLT*>f>j5:^iS|pjM^ll 5 A^M^tiTV^^o 
ClOlBfplWji 1 5{± (10 0) ®X{± (0 0 1) ®{::«5feiSfp]UT^(:Ds ^®MJP 
(iO. 0 
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mmi^miQit (ooi) mimmmLxti^^o ±mFZT(Dmmt. lEij^Btm 
mi^^Bt(Dm^ (^;i/7;i- hof>y^M^) immm (zr/Ti = 5 3/4 7 

) T'$)§o 1^^ mma^mi etiJJt-SZ r/T immt. Z r/X i = 5 3/4Hz 
m^t. Zr/Ti = 3 0/7 0~7 0/3 0T'^n(i*J;V^o EMi^M 1 60 
1tf!ic#m> PZTtSr^ Nb. A l^®^iPtl<^^W bfe*0^0 J: ^ {3. PZ 

mmit. 0. 5~5. O//m0lEHT-fen{^J:V^o 

nitx<. mmito. i~o. 4//m(DiEii-efen{ij;v>o 

1 2;5^t>'^20ffiM 1 KDmimits WI/ • W?S^ffe-^T*) J;V^o 
±IB^«Ji 1 2 (i. ±iH»1=S 1 1 i:^ 1 (Dmmm 1 4 ^©M^^iSi^^fei?)©*) 

(Ti^^tf) ©'^b^tIT•a^bT*J;V^o tfex MiPttO. OOS-l^m 
0mmx:&tHtX\^o ZOm^mi 2M1*b*)<£:^^:fe*)©T'{i;fe<x atSl 1±(C 
^ lcD«^ji 1 4>&ii^gtB^-r^J:a{^b-C^)x ^lom^^^l 4{cT 

±f3^i©si^iJii 4{i. i:is^b-c0tsiy^w-rs;e{j-e^<x Ti%»bfe 

;ihi3j:^s ±HB@E|p]$W^l 5 5 (10 0) mxit (001) ®{zM^Sfi(p]^-ii-?) 
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±HB@Bfp]Ml 1 5 {i. ±HBEmJi 1 6 ^I^^B^iRU (001) ®iE|pH4^|qI± 
»{i0>&^^3 0^;i/%OTWJT"$)n(iJ;v^o ^fes iBiPiMM 1 5 ^a^-f^M 

) trfeS;ii:*WtbV^o tfe. laiRiSiJ^Ji 1 5 OMJPJi 0 . 0 1~0. 2/zm0l5 

^ b-c^ ±sBiHioiM^ 1 5 iz^if^m 1 ®mM 1 mcDmmm^mt. m2iz 
mt^oi^^s (10 0) mxit (001) siaiq]©^^ 1 5 a>i)^. ^1 (Dmmm 1 4 
{ci5{t^ieiPiMJi 1 5m(Dmmmzimt^^^ > im 1 1 4 \zmt^^ 

y^^mLtzm^utmitf-^ yx^^tK ^^y^^mx.tz^^'^^m.itLxmt 

^^yiztji^bztifih^) ±^c#ffib■rv^TMi¥;^|pI^Sil'5:»T®{-*{t^±l3M:^ 

WbTv^^o micommmi d 1 1) iBiRiT-fe^fci^s mi^ummis 
iz^h^xm 1 1 4 yyLi^mt^^ yt^^^Lt^^^^m^^ 

(Dwmmi^hxit. (1 0 0) ®^ (0 0 1) ®^3tt^a(plb■riJ?)T. ^c-eji. 

(Ill) tSSa|pIfc^oTV^'2) (^1®«M1 4cD*^3N-icJ:oT{i ( 1 1 1 ) [SW 
^©SBinit^o^- i3r^;i/7T;j^{3:feo}tD-r^) o ccct^^fe ( i o o) ®^ (o 
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0 1 ) MS[p]^C^^-^TV^^V^M:^l 5 btt. IfilplMji 1 5®^ 1 (Dmmm 1 4fiJc7) 

0.02 //mJii±T'fen{ix iHiPiMtsnii 1 5 (D&mi^m 1 6m(Dmm(Dvi^±m^ ( i 

0 0) SXfi (0 0 1) ®iaiPl©MJ^l 5 ai:^^o 

±H3jim#:ji 1 6 It. ±t'mmmm i s d ( o o i ) mizmmimntz^ 

(DXM. ^(D (0 0 1) ffiffi[p]J^att9 0 %Ji;l±i:^oT V^^o 

^{±^e<s (10 0) mm (0 0 1) ffl{3iH[pIbTv^ 

M 1 5 ©ji/¥>i)S 0.01 //mfe^±T-$)tL{i> JEm#:P 1 6 {|ijcD^®c7);fc:gp^{± ( 1 

0 0) (0 0 1) ®IE|pI©M^^d:Dx 1 6® (0 0 1) ©iHlSlS^ 

9 o%j.i±{3-r^^^*sx-#So 

■r^t)*,s sistMii±{Cs Mjii2. m\(DmmmiA. isiPi^ij^ji 1 5 . 

±iB^«Jil 2\±. Ti^-^y h<&fflV^T^ 1^4 0 O^CM^bi&A^f) 

1 0 OW®iaM?gc«;b<^W^Pt> 1 Pa®T;i/n>**;^ptiT\ l^P^fig-TSC iitz 

^-^v h>&fflV\ S^Il 1=£4 0 0°Cl3jp^bifeyb5e> 1 Pa®r;i/i3>:;9^^4'{l*5 
l^T8 5W;St>*2 0 0 W®]SJl?fi?«;bT 1 2 ^P^Bftjcf :i ^- i: ^)t#e)tiSo 

f#e5n;t^i®mMjii4{^j3i:)-§^«Mi 2}i\±Kmm^M%\z.\t. ^^yt^^ 

o ct ^ r ;i/ > cDa^T' & o T ct < ^ T)\^^'yt mm t (DM^ii^ x$)^Xi) 
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±HBiE»J®Ji 1 5 tt. 1 4^;i/%^W-r§PLT{C^<b§& (PbO) 

•t\ T)lzi'>tmmt(DU-^mm%^ (:*fX#:mbAr : 02=1 9 : 1) lZ^\.^X. 

M^mo. 8Pa. Mm'^mti3oo\M(Dm^xi2^m^)^t^ztiz^y)m^n 

So 

m^&tn ox^m^^t. (10 0) mxn (oo i) mm^mttfii^-rt^ti^^^ 

Xh^o tfes M^mit. 0. 0 5PaJ^>l±5PaJ^;lTT-feSC^AWtbV>o Zti 

It. m^J^A^O. 0 5PactD^)/^^V^^. laiSjWii 1 5 ®ISB^tf.*^K?)0 < 

spa^Mxsiix (100) (00 1) mmi\^\iifii&'rt^t^^x$>^o 

Sfes ±iB@B|ql»ll 5<^:5^>'-^»y^^{cJ:bffM-rsi^®^*Sl l®?ajt(±> 4 

5 o°m±7 5 0 °mTT$>'S:ih/5)^ii^uv^o znit. m&i l<DUmt^4 5 ov 
-5:ih{3j;!9^Mbs i^^B^ti^i&y-r^t^^x^&^o 

J:D$?SLl^®{i^ ±IB^^^ffi<&0. 5%J-:^±1 0%Ji^Ti:bs A^-i^SSJ^^O. 
IF aiiiX±2F SLliXTt-r^tt^lz. StS 1 l®?ajg^&5 0 0''CW±6 5 0°CWT 

±BBa) i::iaiRiffeijiiji 1 5 ^m^ttnt. z(DM^mmm 1 5 tt. ^1 ©sm 
tl^^ctD^ ^^>±tci5v>T (10 0) mxit (001) ®{3ie[p]bB<^§o 
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b-C*)^0^tBS{i2nmctD^/h^V>) ©T\ @S»J^jil5(i. (10 0) ®X 
(i (0 0 1) ®{'J:f)-TOloILB<^^o ^l®SM14{i (111)® 
M\o\lZtj:^X\^i>rzit>s lElPlMJil 5(Ci3l>T^l®m@Jil 4®^M{C:felt§ 
f-^>;?)5#:Sb:feV^a5^9^c7)±fflijmT"{i. (10 0) ®^ (0 0 1) mm^tlttj:^ 
tj:\^ (CCTii^ (111) mm\^iZtj:^) o C:(Z)^m±HB^a^^:l{CBnT/jN$ 

ita^-l^s (10 0) (001) ®iHiPi®^M{±i£;^1-^o c®?^^^ IEIrI 

%mm 1 5 1 ©misji 1 4 {mmm^^mt, ±.mo:>m <. mi (Dmmm 

1 ^momMmimur^^^yi-iz^^-t^ ( 1 0 o) ® 
x{± (001) mimo^^m 1 5 a ^1 ©miiji 1 4 ©^Hgpiiijit^^^ 

i^^EUJ5:V^a5:9^®±f|iJ{c#^Eb^PO (10 0) ®^ (0 0 1) ®ga|pI^^o-Cl^^V^ 
M^l 5 b^§Wr^:ii:{-^t)^ ^CD (10 0) (0 0 1) ffilHloIcDM^l 

5a(±^l®«1^jil4iiiJ;{p^^®S»J (Emf*:Ji 1 6f|iJ) {C[p]>i)^oTiA < ^ ^3 ^ 
ElRlMt^Ji 1 5 (DW.mW.m 1 6f|iJ0^®tr{is B&^#:>5)S (10 0) (001) 
®@e[pJ®fIJs!6l 5 ai:A^?)o ^bTs i^;i/3-'>A®^Wa^2 0^;i/%WThbs 

7>^>®^^a;?)S0^M^2 5^;^%t:^Ti:t-n{^^ ssipjmmi 50J^^^4^i^ 

±l3i±mii 1 6 PZT (Zr/Ti = 5 3/4 7) O^^^^^iS'-'^f^y h^ffl 
: 02 = 1 9 : 1) \z^\^X. K^J^O. 3 P a. MmWim±i2 5 0 W^^f^T" 3 B^P^ 

(DU^ij7.\z^\-f^mM^mt. o%^M^3 o%J,:;^TT•fe?):IhA^$fSbl^o 
j±A^3 o%>&M^§^. (0 0 1) mm^^m^yt^t-^^x^^o ttz. M^mi±. 
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(0 0 1) ®iE[plJt«T-r^*^e>Tfe^o 

5®jEm#:ji 1 emo^mt^ (l O O) axii (O O l) ®iBlpli:^d:oTV^§CIhT^ 
(0 0 1) ®iE[pIh'5:t) (ClCT-ti^ Zr/Ti = 5 3/4 7T"fe^:ih*^?)^®f*: 
li..^.^^cCD^ ^cDg^HIF^^ti'&f-fis (10 0) ®h (0 0 1) ®i:{±!BlCfe^ 
CICD^H^^IF.® (10 0) ®@B|qI^^$f) .^©(001) HlElPl^ (g® 
#:B^m® (10 0) SiBfpJJg) 0%t;±h;feSo tfes @H|p]MW 1 5 0?^^14 

±HBII 2 ©S^iii 1 7 {±. P t ^-y^^ ^<^fflV^T^ ^?S{3i5V^T 1 P aCDT;i/=f 

>;y'x4'2 0 owo]iMi^sm;bT" 1 o^p^jf^^-r^^^tcct Dif e>n^o 
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mmm i ) 

rj:t)-ib. xuM^miz^mm^^. Em^mit (loo) mm\^mmi$^^B^-^tiy 

7.ti-f hmm^Bm^t^^sL. (1 0 0) ®iH[pIJlt(±a=9 7%T-feofeo PZ 
)^Mi:|qICtrZ r/T itbiiS 3/4 IX^-ofzo 

m^^Xs M^\^umm^B^t^m<D^i(Dmmm(Dm^mm^Rnmmm^m-<tzo 

■rr<i:t>ib. X^|ll^S^cJ;D^S^ff^^To:feM^^ PtMti (111) SlElRl^^NbT 

V>fco ^tz. XU^m^^^ (XPS) T-^®}{pf) 5 nm^f^^-ecDlM^a-^if^^f o 
fesigmx Tia(i2. l^;i/%Tfeofeo 

(DM\^mMm<DFLTmii (l O O) SlBiSi^Dy^;^:^^ hM/^^aiig^^LTi^;fco 

mmmm(Dmi<Dmmmmi:zii (i 1 1) siEiPii^jfeofegp^/biB^tifco :i 
©(111) mm^izta-otz^^it. mi(Dmmm(Dmmmz^if^^^>t^^^{y 

mmn^n-otzmm. ^>^>y{)U 2^;i/%^w^n. Pb>?)S8^;i/%3ifij{3^sti 

?j5c(c. m2(Dmmm^BJ^t^m(DmB(D%(D^m^Xs l 5m 

mx 2mm^I^0f9aibfe:*>5^L//^•-^ 1 0 OMf^i^bx 0. 2 /zmJi®^ 2 ©^S 
ji>&;^>'i>y^^{zJ:!9?fMbTs M^iSfdS l^ipij^^frofe (JEE^^d 3 1® 
ilJ^:?^&^COl^T^±^ «?|J^«;|^II2 001-2105 2-^45r$g#HB) o C01 0 Ofi 
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20msjih^ic!)S®ji^®p^{ci:E=&B]SptTiifa:E<^?Bij^Lfco 

18VTfeD^ (Se>o§(icT=4. 2%T-feofeo 
(^»J 2 ) 

c:®^^S^J2-^:^i^ O. 2 5mmjp®0 4-r >5^;^x>l/:^iS (SUS3 

0 4) i:U mmo. 0 luTa(D^>^JV (Ta)M<&^ ^ICDMM 

^ItJi. M/P*^0. 0 3//mT-$>oT 1 7 ^;b%CD-7 >^ ><^#W UA^o$&©^^ 
»;{)Hb^Mat«M ilib^ UT 6 ^ ;i/%jifiJT- ^ P L TM ( 3 ^ ^;7o> H7 a 
^^»b^c*)0) mmffi2. 7//mT'$>^PZTIl (Zr/Ti 

= 4 0/6 0) ^2CDmM®{::{is Mjp5?)S0. 1 //mCDP t li^^ti^tifflV^feo 
±HBMJi{±s Ta^->y^y h^fflV>T> *IS=&5 0 O'ClZ^ljPl^^L^&^bSf) 1 0 OW 
®^JlI?^m;b^WSPU lPaOT;i/=f>:if;j^4'T\ l^^ffMI-^ci^f- J: t)tf feo 

'y^y h<^fflV\ ^1S^4 0 0''Clc»L^d:>{)S?) 1 P a®T;i/d^>i:^^h©?g^#ffl 
%^ {1^7.W^l^^v : 02 = 1 5 : 1) \Z.^\^X 1 2 0WSt>*2 0 0 W0,^jil^^m±f 
Tl 2^P^JF^^-r§C^:{i<t!9llfco 

±iBiafplM^ji(is 2 0^;i/%®^>^>^^W-r^PLT{3. 3^;i/%®-7y:t-> 
'y^h.-^mMX^ts^-^m'G^ (PbO) 1 0^;i/%5ifiJ{;:iJP^Tsi^Lfe^M^-y 

r : 0 2 = 1 9 : 1 ) {zjbH^T . ^^J^ 0 . 8 P a. mmm± 3 0 0 W®^f^T 1 5 

±fBJ±mi*:ji(i. PZT (Zr/Ti = 4 0/6 0) h ^fflv^. 
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mmumQ o o°ct% rjvziytmmtcDm^mmn^ i-^^i^mitAr 02= 1 9 

: 1) (cj5V^T. M^^O. 3 Pa. ^M?Scm;b 2 5 0 W0^{^-^ 3 B^P^B^f^ C 

^bX. ^2©m^^^Bfife-r2.HU®E«<*:^cD^^iB[Slt4^M^^. ±I3^M 
^ijl Etm^Ji (0 0 1) Mmn^1^^B^.^uy^7.ti 

^ Vmm^Bmm^'mX.. (OOl) MiBfoIJ^(±a=9 tfe. PZTM 

® ^ >y h i: IrI l; T' Z r / T i hbli 4 0 / 6 0 T- o o 

PtMli (1 1 1) ffiEfpl^S^NbTi^feo Sfe. ^fb5^^>»(i8^;i/%T' 

5s PLTflifi (0 0 1) ®iHlp]^n:/x*^ ^M^^^5llia^§^^bTV^feo n^s SEIr] 

umm(Dmi(Dmmmis^mt (i 1 1) ®isiRit3fd:r3;fe^^As^e,nfeo :i0 (i i 

^-(i^>-^lzX\) 1 5mmx 2mmrat3mbf::*>^l^A-->& 1 0 0Mf«U 0. 

l/zmj?®^20SM§::^^-^>y^ii{CJ;D?fMbTs EE^^d 3 IcDiPJj^^^f-^ 
10 0^@®:^!J>^^>'^'-®Em^i(®¥i^^ii^i- 1 2 9 pC/NX$)i9x 
{i?>-o#{icT=2. 9%T-feofeo 
J^l^T. ±MS.mmi^(Dm2(DmMm^s lmm:^XO. l/xmmcDPtmtLZ 

2 1 (Dmmmt(Dmizms.^wi}ULxmm&^m'^Ltzt:i6. mms. 
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mmm s ) 

ZOmmmSlilt. mk^s O. Smmjf^^N'U'^AiliS^*'^:^ d OOmm^ 
r) iE^pIWji^-{±^ mmifiO. O 2Aimf^oT8^;i/%CD7>^>^^W 

b/?)^"o$&0^^*>?)Mb^^*ifemfig^i:b^bT 1 6 ^;i/%3ifij-r'$)§ P L Tii ( i 

(Zr/Ti = 6 0/4 0) ^ 2 (D«^iji{3{i. MiPA^O. 0 l/im®PtJ3i^ 
±IB^«l(±s Ni^-^^^ h^fflV^T^ ^IS^3 0 0'"C{CiJPi^b^did5?) 2 0 0W 

V^m\ mm^e O O-CtciPiftb^A^^ l Pa©T;l/rf>7^^;^|^I^3^3V^T 1 6 

±tm\^ummit, 1 2^;i/%®^>^><&^^-r§PLT{c. 2^;u%®x'>:tf 
y^mmLffi-Dmim (Pbo) ^2 2^;b%»j{cijpx.T^^bfe^^^->^«y h 

02=1 9 : 1) ^3i5l^T^ ssjgo. 8Pa. -Mm^mti 3 0 OVJ (Dmitri 5^m 

±HBflEmJi{±x PZT (Zr/Ti = 6 0/4 0) h >&fflV\ 

*«S5 8 0°CT\ T;i'i3>h@gm^®ri^#Hm4' {iiT^i^mtlAr : 02= 1 9 
: 1) lC:fcV>T. m^JgO. 3 Pa. ^ii?^S;b 2 6 0 WcD^f^-^ 3B#P^Bfi)ct--S ^ 

±iaS20mm{is P t ^<&ffll^T. 1 Pa©T;i/:3'>;?3' 
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w.wm\-^ (10 0) mwmm^w^%^uy7.ti4 \m.^wm.-^ir^\^. ( i 

0 0) ®@E[pIJ^{±a=9 5%T-$)ofeo Sfe^ P Z Tli®m^{is ^-^^3/ h^^^ 
I5]l:-ez r/T iibiie 0/4 0-?:feo;feo 

)lZ.h. I rm(± (1 1 1) SiBlRl^^NtTOfco T iSfil 8^;i/%-e$)o 

hs PLTii{± (100) fflgBiPi-^o:/^*>r Ym^WnmM.-^^^\^x\^fzo 

i®mMjiflJ(^{±7'^;^:7 7'X{3;feofcgi5^/5^M?)tifeo ci<dt^;i/7t 

mx 2mmt-©DtBL/i*>5=-l/^^'-^ 1 0 OfSftMbs 0. 0 1 >amjS0^ 2 
M<&:^>'^•^^^^^-cfcDJFMLT^ ffiS^^d3 lCDiiJ^<&^TofehC5s 1 0 Ofi 
®:^7>5^lx7N*-0i±m^m®¥±llfi(i- 1 2 2 pC/NT'fet)^ ?>o§(icr= 3 . 

i^l^Ts ±fBJES^^®M2®tt^i^<^. Imm^TO. 0 1 >tzmJ?CDP t b 

^2 0S1Sjii:^l®l:1ijii:®r^{3«SE^EPiPbTiimE^?fliJ^tfchc5x lf« 
J±fii©¥±a(±l 1 5 VTfeD^ {d:^o^(icr=5. 2%-e$)o;feo 
(^Ste«^J4) 

^®^»J4T•{i^ 0. 5mmJP®0 4-r >5^^>';^>'j7X7^^L^ 

fliiP 0 . 0 1 nm(D^^ >Jii§^ ^ 1 ©MMtii. MJf/b^ 0 . 2 5 /^m-e 
m-efeoT 1 0^;i/%©^>^>=&^WtA^o§S®^^»/?)S'fb#MlilM^J:btibT 
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1 o^;i/%»j-efeSPLTM^, mmi^mizit. mmt^3. 2//m-efe§pzTii 

(Zr/T i = 5 2/4 8) ^ 2 lii/iA^O. 0 l/zm0PtIi^ 
±HB^*lttx T i^-y^;/ h^fflV^T^ 5 0 0°C(C«L^^d^^ 1 0 OW 

(i^'xmUttAr : 02 = 1 0 : 1) {C:feV>T 9 0WSt>*2 0 OV^OmM'^mjJl: 

±mmmmmits i o^;b%©^>^><&^w-r^pLT{c^^b§& (Pbo) ^ 

'::i>tmmt(Dm^mm^^ i-ff^.W-mitAr 02=1 5 : l) (Ci5V>T> ^^JgO. 
8 4Pa. 3 0 0 W®^j^-e 2 O^r^ffM-f^ ^ h{-<fc Dff feo 

±fBEmJi{is PZT (Zr/Ti = 5 2/4 8) CDj^3^#:^5^->i7'»y h ^fflv\ 

SI«Jg6 2 0°C-^. r;i/n>h^^fc©yg^||iar\,4' (:«';^f*:^l:tAr : O2- 1 9 
: 1) iz^\^^Xs M^mo. 4 Pa. 2 7 0 W®^f^-e 3B$r^?FMT^C 

z 0mmm 4 cDa«^^ cD^ntc , ^^^^ ^pmrnim ^nuti^^tzo 
wMwmx-^ (10 0) mtiumM^WB^.^u-^Tsti^ vw^wM^-^^mx.. ( 1 

0 0) ®iaiPlJ^{ia=9 9%-^feofeo tfex P Z TfliOJ^fififeJi, ^-^vYmu}L 
[Blb-eZ r/T iJ:b{±5 2/4 8-?r$>ofco 

IrlliJi (111) ®gB[RI^^LTV^f3o ^fes Bit^^ >mit5 "EJlXX 
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5> PLTIitt (10 0) mU^^tirT^ti^ hMM^^3i^^LT^.^feo saiR] 

mx 2 mm(c^DtBLfe;t;>f-U^N'-^ 1 0 OMftMb. 0. 0 1 ^tzmjf 2 
M^X/^y^^(3j;Dff^fifeLTs ffim^^d 3 1 0SiJ^>&tf 1 0 OiS 

®:i7>f-U/N'-®fiE«S^cD¥lSfii(±- 1 4 1 p C/NT'$) e)0^{icT= 2 . 

^^l^T^ ±HBEm^^CD^2cDSM^^ 1 mm^tr 0 . 0 1 //miP®P t Mi: b 

m2(Dmmmtmi<Dmmmt(Dmizms.^muLxmms.^m^Ltzt:i6s mm 
immm 5 ) 

M^^^<bTx S1=S{::^10miSji'&iIigffMt-^hh*){c. ci©^ 1 
MJPASO. 2 2^^mTfeoT^^>?&2. 1 ^;i/%^^-r^ P t lEMJtW^t:: 
{±s mmi^O. 0 3>C6mTfeoT 1 2^;i/%©^>^>^ 1 5^;i/%CDi^;i/3-.>A 
i:^#^b;b^oi&®^WMAHb^*iii^Mi:J:b^bT 1 8^;i/%iifiJ-?rfe^ P L Z T 

m (3=tji%(D'^'!/^'^iy^h^mmLtz^(D) }±mw.m^z\t. mmt^^juLmx^ 

^PZTM (Zr/Ti = 5 3/4 7) ^20tt1S®{c{i. mjp>{)^0. 2/zin© 

±IBIIl©mMjiii. ^^:^^^>y^^S§^fflbT. T i ^-y >7 h^t/P t ^- 
^-J h*ffll\ S^M^4 0 O-'Ctlipiab^A^?) 1 Pa0T;l/I^>:tf;^4^^C:feV^T8 5 
W&t/2 0 OW0i«jiI^gm;bTl 2^P^JFMT'g)^i:{cj:l9t#]feo 
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±HBiaip]fliiJliji{is 1 4^;i/%®5>^>h 1 5^)i%(D^y)]yzi=.r^2^t^^^t 

t(DM^Mm%f¥ {■»:7.ii^mttAr :02=19 : 1) iz^\^^X. M^^O. 8 Pa. 

Mmmmti 3 o o w®^f^T- 1 2 ^p^jfm-t :i h d 

±HBESf^ji(±s PZT {Zr/T i = 5 3/47) 0mmm-^yh^m\ 

mmume 1 o°ct\ TjmytmmtcDm^mmu^ usT^w-mitAr 02= 1 9 

: 1) IZ^UX. S^^O. 3 Pa. .^il^SmiJ 2 5 0 W0^f^T 3 BtfaW^fiJc-r^ :i 
±13^ 2 ©llliJiJi. Pt ^->!7'>)/ h^fflv^T^ ^rSlz^'V^T 1 Pa®T;i/3f>:^* 
;i ®^»J 5 0ffimm^®=&lli{i ^) . ^ ^ ^ -^MiiJiifi^ ^ ti^di o feo 

6. EMi^mit (10 0) mm\pimmi^^Bm^uy7.ti-( vmm^mm^^^L. ( i 

|BlDT"Z r/T iJ:b(±5 3/4 7X$)^tzo 

ptfli(± (1 1 1) mMm^mLxi^^tzo ^tz. ^^>mii2. 

Bmii^m^B^r^m(DMmmm(D^m^\^\^Rummm^m-<tzt:i 

6s PLTM{i (10 0) ®iBlpJ^D:/X*>f hmi^^Bmm^mLXUtzo l^. IEIpI 

Mji®^i0«Mfiy(c{i (111) mMmizfj^-Dtz^^i^^^ntzo ^©(11 
1) mmi^iztji-otz^^its mi(Dmmm(Dmmmzii\f^^^>tfi^^Ltj:i^^^ 

mz. m2(Dmmm^Bm-t^m(D^m(D^(D^m\^^Xs ^vs/>^{3j;f3 1 sm 

mx2mmlzm^ihLrzti>^U^^—^l 0 Omi'^MLs 0. 2 /zmji®M 2 ©m^S 
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mizBmhrzmmx$>^o 

Z(Djtmm(D&mm^l:i^lf^&mi^mii ( l O O) SElpI^m^^^n:/;^:^? 
^ hMM^^T^^^^sU (100) ®@d|p]ig(±a = 3 IVoX^^tzo 

5VX^^. lt^-D^lta=14. 5%T*$)^feo 

\.tzffi-ox. ±tmmmi(D^omimmmm^mif^rzi,^x. 

^iB|6H4 ^ |pl± ^ -y: § CI *^T- §^ jE«^^ ® ES^I^tS-^ lR]±-e ^ ^ CI h 

(mmm e ) 

tTl^^l^^^>^$& (PT) y^)^f)5fe^3^ ^®§&®^#S{±<b^^as^lMhJ:b^bT 
Cl®^»J6®JEm^^{-:fe(t§JFEmji(i (10 0) ®ia[p]^®#:^m^D:/X 

^b-f h^iga^B^iM^^Nt^ (10 0) mm\^m±a = 4 i%x$>^rzo ^tz. mm^ 



amm) 
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m(D¥mmt-8 2pC/NX^^^s «^o#(icr=9. 2%T'$>ofco ^^{3. B 

mji®@£ip]t4(i[o]± bs wmm <^ \^±x ^^^ttm^o 

mMmm2 

^(Dm3(Dm^^mto m3Rum4iz:i6i^x. Ait. s.tiMmx&'DXs ^(ds. 

SI- S ±HBT ^ i B Z^^>V > ^ C {3 J; TtBS^ tl^ ^ h T-J± 

Mio5t. :i(Di^mmi 0 5©-< y^^±m&±imi 0 2iz§t^t^tzisb(Dmi^ 

P 1 0 6 EE^J^l 0 21^®^ >^^P±m^^^^fcto®>r 0 7 t<^^L 
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5^ax-^gPB{±s ±HB©$P < 1 0 2®IB&S±t^tl^tl^uMt-^^lCDS 

@ji 1 0 3 z(D^m 1 (Dmrnm i o 3± ([Bna-r-tiTfio izmi,-)^^htcm\^nm 
mioAt. zcommmm i o 4± imrm) i-iS{t?,nfejEEmi 1 1 o c 
©i±s#:jii 1 o± mym) izm^^n. ^Em#:jii ioiz^mtt<i:^m2(Dm 
mMii2 mmmm) z(Dm2(Dmmmi 1 2± (isiTfpjj) {3ig{j-e>tLs ±fB 
BMi^mi 1 ooE«:^ij^(3j:i9jiif;5iPi{c^iftta-r§ajii i it. ^kdm 
iftjii 1 1± mym) izm-f^n. ^s.±i^i o 2(Dms.^^m-r^^mmi o 2 
a0±7^{c{4mt-sttjr^ii 1 3 mm t^wtr^jt). ±13^ 1 cds^sji 1 0 3 . 
iBiRiWii 1 0 4. BMi^m 1 1 Q&nm2(Dmmm 1 1 2(±. c:n^>()«(-^jf ^ 

i^. E15pf'. 1 1 4(iEE;bggPMAiiT^^ix-^5^gPBt^^«-r5ii«^jT'$) 
1 14;bsg]ij^io2a®^;5{c{i^?^tBbfeJl'^T'^)^ !L(Dmm\l 14iifi&mmi 

1 020±®tfeiti^i 1 i(Drmt(Dim^mfi>mm^^Lz\^^=bo zcoxoiz 

T^^:rx-^gPBCD^ilJil 1 1 {C:}3(t§^ 2 1 1 2 tltRmm^Z^pm 

mi 13 ^if]-Lxs.idm^MA^m^t^0tm^ li^a^^ mmm 1 1 1 

2(Dmmmi l 2h(i>5^m{;iig^E;b^WA>£g?^-r-SJ:aicbT*)J:VNo 

±iBm 1 (Dmmm 103. eiri 104. j±«^ji 1 1 0 Rnm 2 cDmmm 1 
1 2 ±tmmmm 1 x-i^iBj b^^ 1 1 4 . iBiRiMji 1 5 . 

mmi^m 1 6:5^t>*^2®s@M 1 7 t^n^ni5iiiT-$)a (^^^iNo^ws/b^^^^d; 

o ^tzs laiRiM^Ji 1 0 4^fct>*Em^i 1 o(Dmm^. saipj^y^ji 
1 5;st>*Emji 1 6 t^Mnmmx^\). m^mmm 1 0 4 {cijtts^ 1 
ii 1 0 smomm^m^it. ( 1 0 0 ) MXJi ( 0 0 1 ) mni^cDmrn^^m 1 cds^i 



wo 03/052840 PCT/JP02/13040 

36 

mij^tmm-^jimmiz:^i,-f^±t^^w.<Dmmifim i (Dmmm i o smi^^mmi^m i 

0 6 (a) izm-r^olz, &mi 2 0±{i. Jii^. ^«Ji 1 2 K 

0 3. iBfpjM^ii 0 4. ffimiii 1 0. m2(Dmmmi 1 2. mmmi 1 u ± 
±i3^»$^ 1 T-iJi0^bfem«Ji 1 2 hisiiiT'feoT. sts 1 2 0 1 ©m^i 1 

0 3 tO^^^^Misb^tzmz^l 2 Oi:^l®mMl 0 3t(DmzB^t^ ( 

2 Oi:[5Hi{3P^5feT<So Sfes 1 l©«3|s4{c{i:Cr^. ^iPHlji 1 1 3 

±HBSIS1 2 0{c{i. 1 Smm^tiiOiTtfeS i^lS^fflV^^o ZOMmi 2 0(i. 

Sfe. S^RI^^X*) 1 8mm^{c|5g^*)0-r'{i>fe<. S iStST-$)n{i. (zi2~10 

±HB^M12 1{i. T i^->^^y h^fflV^T^ SliS 1 2 0 § 4 0 0°C{^iP#ftb^d: 
/^sf, 1 0 OW(D,aJiIiSl:±i<&EPiPbs IF a.CDTJldi'>-fy'Xf^X. l^m^ftt^Z 
tizX^m^ti^o 2 l®MiP(iO. 0 2jLimttj:^o i^. ^^^1 2 

(Ti<^^tf) CD'fb^tlT-$)-:?-r^J;V^o tfex Jiii?(iO. 0 0 5-0. 2m 

±fB^ 1 ©m^iJi 1 0 3 ^x;:^>''^^:/^^S^^^fflb-C. T i^-^^y h&UF 
\^->fv h>&fflV\ S^Kl 2 0^&6 0 ^"Q.XzimiX^tS.ifi:, 1 P a.(DT)Vzi>iS:^^ 
{::iDl^T8 5WSt>*2 0 OW®,gj^^sm;bT-l 2^mmi^ir^ztizX^m^ti^o 
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:i(Dmi(DmMmi 0 3(Dmmi±0 . 2/imtti:y). ( 1 1 1) StiHipII-ao 

Ti(D^Mm±2. 5^;i/%T2fe§o z(Dmi(Dmmmi 0 3i>s ±tmmmmii^ 

0 5 ~ 2 //mCDlaffl-efetli^ J;V^o 

±HBEln]^J|S|Iji 104 (±s ^>^><&10 ^ ;i/%^^-r ^ P L T {c^<b§& ( P b 0 

) ^1 5^)v%Mmi^mx.xm^Ltzm.^^-^^i^ h^m\ m&i2 0(Du^^6 o 

0°C-e^ r;H3>h^^h©^g^||HMc|=' {■^^T.imitAr : 02=1 9:1) 

T^ ^^JtO. 8 Pa. ^^jl^g?«::t;3 0 0W©^f«'l 2^P^ffM-r^^h(cJ:!9t# 

ommmi O 3{;::fe{t§@B|plMMl O4^iJ0|g|gig|U::'^^[M■r^^^>±{c:feV^T ( 

1 0 0) (0 0 1) ®lCiB[pIUT43l9. ( 1 0 0) ®X{± (0 0 1) ®iH 

\pi(D^Mitmi(Dmmmi o sfUA^fj^os^fuj (£Eii#:jii i om) izm^^x^ 

±-t^o -15. iE|p]MjilO4^.:i5l^T^10SaJilO3®MgP©^^>Xtt 

mit^^yt^^^\.fji\^^^(D±.mwm. ( i o o) ®^ (o o d mm^iii^tii 

IBlplWM 1 0 4®Mi?*5o . 0 2 jumttji^hfzfsb. RMi^m 1 1 OfpijC^fflfimS^ 
(10 0) ®X(± (001) ffltiaiRlb:^cM^^^^^o 

1^. ±$mmmm i {::*5(t^isiR]^jwji 1 5 tmrniz, ±mmmmm i o 4® l 

a®^^fi{±0^Mx2 5^;b%J.:>lTT'feti(icfc <s iScD^^^fiJi 0 >^^x. 3 0 
%Ji>lT?i*JT"fen(^J:v>o tfc. laiRlM^l 0 4>&afi!c-r§MI4^). PLTtci^;!/ 
3^'^7A^^WbfcPLZT (i^;i/n-i>A®^;&a(i2 0^;i/%WT-e^^^h7!)5 
»^bV^) t:feoT*)J;<. PLT-^PLZTtc, ■x'^';%iy •> ASt>*^>:«'>0^^^ 
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0 1~0. 2 /zm®lBffl-e^ti{^J:V>o 
±HBEmjil 10(is PZT (Zr/Ti = 5 2/4 8) (D^^^ii^^-^ y 

Ar : 02= 15:1) ^c4^V^-C. ^^JgO. 3 P a. mm^mt]2 5 0WO^f^-e3 

^ vm^^^Bmrn-c (loo) mnii^ttj^^o ^tz. s.mi^mi loommns. in 

mh^?)o :i0JES#:^l lO0Zr/TiMf!fe{±. Zr/Ti = 3 0/7 0~ 

7 0/3 0-tr$)ti«J:<. MJf{is 1 ~ 5 /zm®lEHT$)ti«cfcl^o t/is ES^I^ji 

1 1 0(7)1ififel^m^ pzTtcsr. Nb. K\m(Dmim^^M\.fz^(D^<DX.o 
pzT?&±fi!c^^:■r§JES*^3|s^■r•fen^i•<t<^ pmn-^pznt$)ot^ J:v>o 

±IB^ 2 ®«M 1 1 2 {is P t h<&ffll^T^ ^^afCiJV^T 1 Pa®r;i/ 

-:iyn7s^2 0 OW®igM?SS±rT"l O^P^ffMI-^C J; t)f#?,ti^o ^®^2 
omMl 1 2 0fliip{±O. 2/umh^^o i^x ^2(DS^jil 1 2 0$^mPt{3 
|51f,rs #mi4M*4T'Sn{iJ:<s Mi?{iO. 1-0. 4//m0l5HT$)n(i<tV>o 

±i3igitlMl 1 Itts Cr^-y>y h^ffll^T. ^r^di^V^T 1 P ac7)T;i/n 
;^ 14^2 0 OW®igji^^«±^T'6Nfr«filo■r-S:l^^::cfct)^§e.n^o cicd^Sj^I 1 1 
®Mi¥(i3/imi:^dJSo cc^ijMl 1 lOWim^. Qv\z.W^t. --j>t)\^. t;1/ 

$)-pT^)cfcl^o t.fz. m^mi 1 l®lliP{±2-5//mTfetL{i"J;V^o 
±i34'P^Jil 1 3(i. T ^^ffll^T^ ^?aiCi5V>TlPa®T;i/=f>;!J 

;^4i2 0 ow®]SJii^sm;b-e5B^rB^ffMt-^^h(::J;Dt#^)ti§o cicDi+'P^jii i 3 

®)iiJf(i5//mi:^:So :icr)>f P^Jl 1 1 3 Ti{zRgf,-r. Cr^®#«'l4 
^M-^fetl{^ctV^o ^fes 4^^311 1 3®jlii?(i3~l 0/^mT$)tl(^<fcV^o 

lae (b) BE±;^WA<&Bfi!ct-§o ^£DjE;b^gPMAI±s 

±IBS i^lSl 2 0 J:D*);^#VMt^Xs ^ijx.«4 ^ V^^-^xyN-CD^yU n >^^M 1 
3 0 (HI 1#E) >&^fflbTJfM^tl^o 5tt^s 'y')ziymsL \ 3 0 
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/^-^-y^-y^lt. mm (b) iy^^-m^oiz. 4ocDJ±;b^fflr^lPg|5 1 0 1 ^ im 

-SElSill 0 2 a®i|g©,^2fS0i|i0jii|i@{ciS^^ti^o ±td.A'^-y-y 
tifz i/ U 3 1 3 0 >!r ^ ^3/ f - > ^X{i K ^ >r ^j/ ^ > ^^TriPX t 
X. §IMT-4fiacDjdE;b^fflllPgPl 0 l^ffML. J±±;^gP*^ A^|#^o 

) \zm-rio\z^ ^±m.^UAm(DWimn}i\.x. s.±'^(D^mmi o 2 a. 102 
Ei]igio2a. io2b©±®(::. yimmMhx^x. itt^mmt ^umm\M 

izmMmmifi^±izim vtzzt^mB i^umx ^^^oifZt^tzit>x^^o mm^ 

z(Dm'¥yxm3--ioum(DT^ojvm^^. s^unvsisiso 
) (DN mm±izmmmmm^t^o 
^Lx. mi (a) iz^.txoiz, ±mmm^nrzs imki 2 0 immm tm 

120 mm) izm^^ntz^mmi is^mmiMimmtLxnoo ^tzs si 

1 3 o(±4^>f-9-^x^:;^#ufc». HI iizirs-rxoiz, mwi mmxit 1 4m 

) (DSimmi2 0 (^Jliffl) ^imoBiJ^^^A (SiS^lSO) tcliDfttt 
§0 e:0lfil3ft{t(i. 117 (a) l::^Nl-<ta{::x =&SiSM12 0 (siclliffl) 
/b^Ei3^g|5MA©jpi|ig®E]ij^ 1 0 2 b04''i:u^'fM1-^d:9{ctemf^{tf>ti;^c^S 
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mi (a) x\t. ^mm(DSimmi2o (i^mM) t&ti^mAt^mm 
^±HB^Mf^®s 2 0 mm) tmmi.x%^i^o 

^(Dm±s 07 (b) izmtXoiz, EE±im.mA0^^mmiO2a.s 10 2b 
0 2a. 10 2hlzmmtM^^ mm) tt^) o ^k^^^X. mS (a.) iz^^tXo 

{c. si^^si2o immm) st>*^«Jii 2 i^x^;/^>^iij;f9^it-^o 
)^i>Ts las (b) izmt^oiz, ±mmti^mA±iziM.MT^mi(Dmmmi 

mizmm^tt^o ^lx. 09 (a) iz^.txoiz^ y^hv^j^^y^-^m^m 
i^xMimmumi 0 4hEmjii 1 ot^:^^y^>'!/Lxmi(Dmmmi ostm 
m(Dmmzmm^hir^o ^n^:n<y5^>^^®^i®mMi 0 3. ih^i^iio 
4 st>'i±«i*^ii 1 1 0 tts jEtf^ 1 0 2 (D^^(D±:^iziiLm t^-Dm 1 ®mM 1 
0 3. iBiPi»ji 1 0 4RUBmi^m 1 1 0(Dm:^\^(Dfp't^i3^. njiBt^E.tiM 1 0 
2(Dmy5\pi(D^'t^izMLM^mz-mir^xoizmfi^^n^o z(DXoizmio:>mm 
110 3. leipiffeijwji 1 0 4 Rummi^m 1 1 0 -^^^ts^ 1 0 2 etifisy^fb bfem^ 

1219 (b) \zm-rX.o\z. i/';n>SM13 0 ^=&)f^g0E®^l 

0 2h(D^^Xmm\^X. 4-D(DS.t}Ml 0 2^j^oJE;b^MAi:^®±®{C@^ 

^v^T. 010 (a) ^::^^1-J;at^ ^ y^M^^Mciz±t^m^i 0 5. m^u 

1 0 ej^tz-o^^i^i oi^m^t^tt^iz, yxMkTi\zjX)Hii os^m 
mt^o mm (b) ^3^^t-ck9^^^ ±i3^>^^LfigMc^yx;n^D^^ 
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mm 1 0 9 >&fflv^Tfg«-r^o 

mm (c) izmt^oi^is s.ijM^MA(Dymm^it-(y^'M^^MccD 

p<> hsu^^&tfoT. z(Dmm^±tmm\iz^\)m^t^o i:x±izx\). mm (d 

±HB©j:a(3b7:ff ^nfe-o^i^x^;/ h-\>;/ \^(DmiRxfm2mmmi o 3, i 

1 2PB^{^m^sjESEPip-r^hs Emiii i o(DEm^}}mzxy)mmmi 1 1^45 

tmj£mm(D&mm 1 1 1 1 0 2 {cm-r^gp^®ji/?7^[pi0^ 

i!{;b^2 0 kHz0 2 OV^^^m^l 0 BP^EPyfjp b^(t:fe*^ ^>^®P±m^^{i^ 

m2mmmi 03,11 2p^{zm^mE^mbT^ msjjii 1 nz^Bif ^^Btim. 
1 0 2{cm^-r-sgi5^®jiip;^[RicD^^ua>&sij^bfch^6s ^(DmiAcDit^-D^ 

lta=7. 2%'X:^'ofzo ^tz. m^mi)^2 0]^Uz(D2 OW^mmS.^ 1 0 HP^W 
mLmiirzt:i6s ±S.:bm.lO 2(Dot>(Dm3 0%(DEE±imi 0 2{3m^-r§g|S^ 
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mi^mzii. s.ti^4 0 2yb5x>;/5">yi)px{Cck ^m^^ntz&±iMmk4: o i ( 
s.tjmm) ±{c. mmm4 o 3. ^^mm4 0 4. mi(Dmmm4: 0 e (±t®sii) s 
iBiRiWji4 0 7. s.mi^m4 0 8Rv^m2(DmmM4 0 9 (mmii) 

^tlTV^?)o ±HB^l©ll1iJi4 0 6s ia[plWJi4 0 7s 4 0 8 ;)S^t>*^ 2 

Tz. mmm 4 o 3 {±. :i (Dmrnmi^cDm 1 ©siiji 4 0 e iMcom^zmm 404^^ 
Lxmifi^nxi^^^itiztji^o ^®^*ji4 0 4(i. issjji4O3^^i0mMji 

4 0 6 tCD^m'&^Mib^^cDXh^. ±tBIIM^S2(c:fe{t§^Ml 2 1 tmm 
iztj:<X'bX\.^o ±H3^M4 0 4. ^10S^Ji4O6. iE»i^Ji4 0 7. JES 

4 0 8 ;5it>*^ 2 ©miSji 4 0 9 (D^mm^mt. ±tmmBm 2 -trlJ^H^ 

ji 1 2 K mi(Dmmm 1 0 3. laisiM^^ 1 0 4. s.mi^m 1 1 0Rxfm2(Dmm 

Ji 1 1 2 ^^tL^ni5l#-efe^o ^tz. g£|pJWJi4 0 7St>'J±«^*:Ji4 0 8©^iM 

EiRi^j^jf 1 0 4RV(&mi^m 1 1 0 t^n^nmmx$)\). M\^umm4 0 7 

{i*5(t§^l®«^514 0 6{PiJ®M3£f:;5g-|5{is (10 0) (0 0 1) SiBfp) 

®^i^*5^i®mffiji4 0 6izi^if^M^mmm4 o 7m(Dmmmi:iiM.mr^^^y 
±iz^^Lx\.^xmm:^\^tmm^jimmiz:isif^±tmm(Dmmi3^mi(Dmmm4 o 
6im''^&mi^m4o 8miz\^*'-ox:k^<tj:^mm^^Lx\.^^o 

yiy^^u^o z(Dmmm4 0 3(Dumit. r-miti^vziyizm^t. iMmmM 

feoT^,J;V^o ^fzs tSil^ 1 1 1 ©MiPtt 0 . 5-1 0/im-efetL^i'ctl^o 

5 o 
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-r^d^t)t»^ mis (a) iz^.t^oi^. Kt}^4 0 2mm^nr\^ti:^^s. 
ti^mR4 oiiz. igijji4 0 3. M^4 0 4. mi(Dmmm4o mmmm 
4 0 7. EmM4 0 8j^xj^m2(Dmmm4: o 9^7.j^^y^mizx^mmm-r^o 

±l3SiJji 4 0 3 {i. z:i^^b^>U3>^^#;0^-y'y h^ffli^^T. E::^^^IS4 
0 l(D^JP^{i^ft)^V^T-^^S{C:}5V^T^ 3 0 0W®]^jl^gtli±j5&EPiPbT. 0. 4P 
a07-;i/ii>^^Si:®vg-&#H^4' (;^3>^#:ai:bA r : 02=5 : 2 5) SmfS 

±I3^«Ji4 0 4(i. Ti^->!f^3/ h^^fflV^T. H±J^*tS4 0 1 ^ 4 0 0°C{liJP 

t^ib^Si^bse,^ 1 0 0Wc7)^^jlimm:tj^mbT. 1 P acDr;i'3 >;(f:^4JT\ l^r^ 

m^m4o 4(Dwni±. Tnzm^r. u^-^v^h. ->y'i7-;i/^b<(d: 

^PAXJi^tif, (Ti>&^tf) ©{b^tlT-feoT*)cfcV^o tfex M0(iO. 00 5 
~0. 1 //m®lBlST^tl(^ctV^o 

±HB^l©m®Ji4 0 6{is ^^7.?^v^mU^^m\^X. Ti^-^«y hSt>*P 
t^->^>3; h:&fflv\ E;bg»tS4 0 1>^6 0 0°C{iMbJ5:>()Sf, iPaCDT^l/iiv 
:«^;^pf {zi5V^X8 5W^it>"2 0 Q^CDMm^mtsX 1 2i9'P^?fM-r^Ch{Cj; 

:i®mi©miiJi4 0 60MJP(iO. 2/zmh^^^). ( 1 1 1 ) HlziaiRj-rSo 
S;^cs TicD^Wa{i2. 5^;i/%T'fe^o 1 ©miiJi4 0 6 IM'^MB 

m\\zii^\-y^^i(DmMmi4}inm\z, pt. ^us^-^a. ^-^^s^-^a^^wi/t^- 

0 . 0 5 ~ 2 /zm®lEHT'$)n{i J:V>o 

±.mimmm4Qi\x. ^>^><^io^;i/%#^-r^PLT{c^«^ (pbo 
) ^ 1 ^=t)\y%mm\m7ixm-^hfzm.m^--^^y h^fflv\ m±j^^ti4 o kdu 

Jg6 2 0°CT. T;i/D>h^^^®?M^#Hm'^' {i^T^imitAv : 02=1 9:1) 
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{^*?V^T^ K^JgO. 8Pa. ^mmmij 3 0 OVfCDm^T 1 
UMMl 0 4i:[eIi:T-$>So 

i^s ^tmmmmiizmumummi^tmmiz. ±HBia(Ri»ji 4 o 7 © l 

^-^A^^^LtzPLZT it^)Vzi-0l^(D^^m\t2 0^)V%iiXTT^^Ztffi 

0 1~0. 2 /im®tBH■e$)tl^^c);V^o 
±fBEmJi4 0 8{i. PZT (Zr/T 1 = 5 2/4 S) O^mi^^-'^^y 
m±i^S^S4 0 lOi^J^S 8 0°C-t:\ T;i/=i>^^S^0rI-^#HMft^ ii^ST. 
i^m&Ar : 02= 15:1) ^3i5V^T^ S^ltO. 3 P a. 2 5 OW®^ 

{3*5lt^Em^*:jil 1 0 J:|5ji;T$)§o S.mi^m4 0 8(DZr/Timmt. z 
r/T i = 3 0/7 0-7 0/3 OT-fen(iJ;<. 1-^5 jumcommx'^fi 

{^cfcl^o ^fe. i±S^*:M4 0 8 0lififeMms PZT^cSr^ Nb. Al^©«tl 
^^Wtfe^)®^0J;a{3^ PZT^i^^h-r^JESM*4T«fen«ct<^ PMN^ 

±Bm2(DmMm4o Bits pt^-^^v^m^^x. muiz^\^^xif a,(DT)i 

zj[yi37.<dp2 0 ow(D-Mm'&m±ix i o^PHms)c-r?.ch(Cct Di#?.n§o ^©^2 

©HM 4 0 9 ©MiPii 0 . 2>ami::&§o ^2®«SJi4 0 QcDMmP t 
|5g?>-rs #m^4M$4T-$>n{^ct<^ HJfJiO. 1~0. 4Aim®l5HTfeti(iJ:V>o 

:d^4 0 2m^}^^M-<^&.miz^t>'^xm^-mm^n^x^^^--=->^t^o 

^bT. ^20mSji4O9. E«#:ji4 0 8:St>'ie»JfPM4 0 7§ai^;/^>^'b 
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m^^X. mi 3 (b) izmt^olz. mtj^mUA 0 Hz&ij^4 0 2^m^'t^o 

2^^tjm.mi4 0 llC^i^-rSl^t-«x =&yX;i/?L4 1 0ASj±±jg4 0 2{c^j^ib 
±HB®J;^lCbT^#^tLfe^>^i^x>y h^^y KcD^lZi:t>*^2m^^4 0 6,4 

0 ^mzv^\'^m's.^mw\.x. m.mm4 o 3(ci5{t§^j±±/g4 o 2{3^j]&-ri)gf5^ 

;^Co M^g^i(>{)S20kHz®20V3^^«ffi>^10BP^Mbi^(tfe>f)S^ 

®J^;bs^^^-f >^i^x>;/ h^>y K^&f^Mbs CCD-T >^S^x'y h^^J/ K®^ i;&r>* 

m2siiji4 0 6, 4Q^m\zfmn^-^mw\^x. mmm4Q3\ziB\-y^^^±^ 

4 0 2(Z?M^1-5gP^0ljp;^|pl0^jufi<&?IiJ^bfeh:i6s ^(D^\tLm.(D\t^'D^ 
{±cy=5. 8%T-feofeo ^fex M«dS2 0kHzCD2 0VS:^«E^10BP^Ep 
mx^mi-ytzhZ.^. ^E;b^4 0 2®o*>0il^2 5%(DBti^4 0 2 li^Ji&f^^^ 

b yb^ o T . ^ > ^ X >y h ^ >y K ii. ±mmMBPM 2(D-(y^'J^ 
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mmm 4 

HI 1 4 (i. 1f.%^m%1MM\z\^ ^ ^ > ^ ^ >;/ h ^IB^^M 27^^bs CO^ 

(±fB^W$^2{3*5{j-^E;b^l 0 2^%mfm^\z.m^^±^A 0 2) {i^ii 

■r§J;9{CaSttfcyX;i/?L (±H3ll»S2{3:fc{t^yX;i/?Ll 0 8^|lffiB^3C 

j3(j-?)yx;i/?L4 10) t^^ms.ti^^(D-( y^mmmi^2 9 (la^tt^) {cp±m 

±HB^ > ^ X >y h ^ >y K 2 8 {i. ^^S^&IrIX (^Mt>*^ ^ ^ U i^lft 3 0 tllSIt 
e)tlfe=3e-\'';^)'S^3 l{I^^^^nTV^T^ :iCD:3s^^'J>yi^3 li^^-^^)yi^m3 0lZ 

K2 8®±^S;^[pix (i|i;^(pi) ^B&Sifi:^[S]0giJ^$;^ipjYi3^1ii^-y-S^t^ 

®D — ^ 3 2 <S:^raX.TV^^o CCD^^Ts ^iS(® P-^ 3 2 (i^ >^ x h ^ 

H 2 8 i:tBi^ii#:2 9 t^Bm^ij\p\Yizmn^m-^'^^mn^m^m^m^t^z 

hlzta^o I2114 4>. Z(i±T:^[p]T-fe^o 
^bT^ ^>^i^x>y h^^y F 2 8i^^^ >J ^;/i^3 1 (3 J: t)±^S:&|plXlc^Sjb 

TV^§^§{C. ^y^V^L-j Y^-j F2 8oyX;i/?L/?)^^^ >^§fBMI*^2 9(IP± 
m^•y:^ C®~7&S0fBi^;()S||T-r^h^ ±fBD-^3 2{C<t !9fB^^I#:2 9^m^ 

a^i!j^-y-T^^©-^S0HBi^^fTa o 
b;fc/!)^oT. z.(D^y^v:^-j vmmm.m.2i\±, ±Mmmm2^\±2}inm 

(D^y^i^:^-jV^-j K2 8^1i^TV^§(7)T^ ^^ff ^EP^t4tl;&t>*iir^14^^ bT 
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Oiit, H^gpSOOai:. ^@^gp 5 0 0 ay()^e,m^®;^|p] (t^mT^^MJ^CDdl^ 
4'/«/b^5St>'^^fp] ; mi 5{i7fNt-y^lR]) (^EU^'^-^^cDlSM 

5 0 Obh^«bTV>^o Ctie)0^gB5OOaSt>*-^0^M5OObtt^ 
5OO0m^:^\^ (mi 5(3^N-rz;&[pJ) *^e)BT^X>l:^<^^d:bT^^»9> -^®MSj 
gP5 0 0 b^i^X0r-Agp{IffilbTV^T^ 0 0 b0lli^[p]{cM^;^d>KS 

±HB*IS5 0 OO^^ljgPS 0 0 hRUm^^SO 0 a©^i)MJcDgP^±tl(is 

^icDS^Ms 0 3 tm\o\pmm5 0 4ts.mi^m5 o 5 hm2®siiM5 oetf^ 

)li{c^ji^nTv^§o :i©^3iJt-ir>-9-i3i^v>T*)s ±IBSIH5 0 0 1 ©i: 
MJl 5 0 3 ^:®P^i;:. ±HB^MBSi 1 {c*5(t^M^^^|5l#{i, MM^iSJtSC 

±13^ 1 (D 5 0 3s iBiRiMJi 5 0 4. 5 0 5 Av^m 2 (Dmmm 5 
mmi 5. EEm#:jii QRum2(Dmmmi i t^n^timm-ch^o ^tz. ibipim 

ISI15 0 4]S^t>*EmM5 0 5®1iili*)s EIrIMM 1 5Sr>*Emi IBt^fi^ 

nmmr^y). mM'MM 504 1 (Dmmm 5 0 sfiijo^sj^f^gptts ( 
10 0) fflxii (001) ®ia[qi®Mi^As^ 1 (Dmmm 503 {c^sit^iaiPiMJi 5 
0 4iM(Dmmm:i&.mt^^^>±i^'^^Lr\^^rmmiD]^tmmti:mm^^if^± 
mmw.(Dmmi^mi(DmmmBo smis^'^Bm^m^ 0 5miz\^iiy^-^xi^^ <rj:^m 

±mm 2 (Dmsji 5 0 e ii. ±m^mm^ 500 b±ic4^^,^T. ^^jgijgp 500 
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b^MKjgPS 0 0 b®i|i7J|pi (01 5{^^Nt-x;^fp]) {liSSi^-B-Sfefe® 2 -ooigitf 

0 ycDH^gPS 0 0 aflij®»ii. 0 0 a±{C|iML-tJii^^S^5 0 7 

^^tTl^^o =§-JSM5 0 Ob0i|g;&|pI-M±l3locDillijS1i5 0 7^ig 

±HBt^aiS1i5 0 8{i. i^tgWS 0 Ob®*@;^[p]4'^^±{-4oV^T^ ^ 
0 Ob©:S^;^lpI^f*:l3MoTiS(t?)n^ ±fBiKilj«1i5 0 7 t^m 
m^i 5 0 8 5 0 0 afiJCDJ^gpii. El^^ 5 0 0 a.±iziim LT^^ig^ 5 0 

8a<&afi5cbTV>^o j^^ #^W5 0 0b±(Cj3V^T1ti^®^^mm1i5 0 8^fiS:(t 

±mm 1 ®mM 5 o 3 1±. mm.^ 500 a±{i*5{j-§-^cDMW 5 0 0 b 

PH1®4'^^j4M^3:fel^T, mm^5 0 0 b i:(±M^{|iJ{C^m-r -S^Milffi^ 5 0 3 a^^ 

±m^mm3 500 b±{3i5(j-^±HB^ 1 om^ii 5 0 3 i: 2 -DCDmmmm 507 

h®P^(c(i, ^^Mi!jgP5 0 ObAs^®i|i;&|p]ttgil/t-^J;9{c. »gP5 0 0 bcD 

mmm 503 izit, > H«E;t)SEPi)p^ti^-7^^ 2 ocDiawiis 0 7 ie 

^A5Sv^^3^^®SE*sEP^JP^n. :io:i^tr^ ^^i&gB5 0 0 b®i|i@;^[pI-iS»iJ>()S 

«MJ«lfsUT. MM5 0 Ob;?)S^0f1jl»f|iJt^0-r 

-^s ^^W5 0 obcDitsT^iRj-i^MijA^M-r^iittti. '^^mmw^ 

LTx ^M5 0 0bAs^O-«M'J{c^Bf§o c:©i!jf^>^^Sl::|il9M1-^ hli 
j;oTMg|55 0 0b5b5^©i|i;^|pl(3tgiii-r^o i^^ ^iSajgP5 O 0 b±{i^i:^-S 2 
ocDlliiiS®5 0 Ob0l^■rn;b»-;5{3mi±^Ep^p1-^:^d(J■tr^). ^^^l&^5 0 0 
b<&^0lig^|p](cmS)^-y:^:i^ttpIt^T-fe^o ^LTs ->:t0»gl5 5 0 0 b fi^ 
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^mmU5 0 Ob0lll@;^fpI{c4^V^TSV^{cS^^IpI#{3^Jf^L. -M(Dmm^S O Ob 

mnto^^ts nvy^v:hiz^-^xm^:^\^ (z^iri) iztzt) 

^T-^0b (-^®^i&gP5■0 0b{iSv^l3S^fpI#{I|5Il;ifcfc>tf) ^ ZtilzX^. 

Emi*:]i5 0 SiziifziD^tm^LX. ^ 1 5 0 3 ^tti±im@5 0 8 t(Dm 

-r^d:^*)^ =iU:t'J;bFc(±. 5 0 0 b0i|ii;5|pI0jii^^ v. =&^Sjg|55 

0 Ob®H«>&mi:-r^ts 
F c = 2 mvct) 

■r^t>t>s El 17 (a) iZmtXoiz, m^O. 3mm(D<^ 4-(>^i^ V 
(¥ffil21{illll 8#H^) *^^3&§^tM5 0 O^^fflicU HI 1 7 (b) {c^N-fJ^aic. 
CCDai£5 0 0±lC, 2. l^;i/%(DT i§»Lfc^ ";s^>>A (I r) A^^J&^Jf 

ji5 0 3(i. mm^ 0 0^4 0 ovizMmLtjit^<^^n.7.^iy^mm^mmLx. t 

i^-^iT'iy h;Rt>*I r^-y>y h^fflV^> 1 P a©T;l/Z^>:*r;^4'^3j^V^T 8 5W:& 

t>'2 0 OW©Hjli^S;b-e 1 2^PBm^-r^Ci:{3j;D#^n§o 

5 0 3 0MgPi-{i^^>^St^{3;^S-r^hi:*){i. >©i^^®d^e)®^ 

i^v^T^ 12117 (c) izTf^-rxoiz, ±mm KDmmm 5 0 3 ±iz, m^o. os 

>^>>^ 1 4^;i/%^W-r^PLTtm§& (PbO) ^1 2^;i/%»J{-in^Tai 
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tmmt0U^mm%^ iiST^i^mitAr 02 = 19 : D ^C:^3V^T^ M^^O. 8 

mm 5 0 3{iij©^®5£f^{i. (10 0) mxit ( 0 0 u mm\^<D^mp^^ >±iz 
^^bt^'Dmmi5\p\tmmtf:mmiz^i,-f^±mmm0mmt^mi(DmMM5 0 3mt^ 

'^ki^x\ 017 (d) izjfstJiioiz. ±tm^mmm5 0 4±izm^3jum(Dj±m 
i^m^o 5^:^/'^y^mizx^mmt^o ^losmjis 0 5(i. mks 0 0^6 1 

0°C(l^JD^b^*s?>PZT (Z r/T i = 5 3/4 7) >y h<&fflV\ 

r;i/3>h^^i:©vl^#fflm4' (:^":^f*:mbAr : 02=1 9:1) {ciJV^T. 

jgo. 3Pa. Mmm.mti2 5 o\^(D^i'^x3mmm^-t^:itizxy)mi^n^o z 
®ES#:ji5 0 sitmmi^m^x^b. ±tmmmmirmmLtzXoiz. (o o i 

) ®ffi|pllg*^9 0%J^>t±i:^d:So 

m^^X. mil (e) tl^N-Tct^fc. ±IBi±«#:ji5 0 5±{Cji<7^0. 2jLLm(Dm 

2(Dmmms 0 6^7./^^y^mizx\)Bmt^o z(Dm2(DmMm5 o 6i±. pt^ 
1 o^r^?fM-r§;ii:i3ct!)t#f)tL^o 

^^v^T\ 12117 (f ) zfct>*i2ii sic^xfcfcat^. ±w,m2(Dmmm5 0 6^^i^- 
5 0 6±ic^^iitfli[<^M^L^ zom^mmzmmmms o 7Rm^B!,mm5 o s® 

i!ji;M5 0 7;^mi^tBmM5 0 s±(Dm^mm^m^-r^o 
±mm2(Dmmm5 o 6®^^^->->^^s leiii^xat^ct Di±ms5 o 5. 

iB|pI$iJM5 0 4Rnmi(DmMm5 0 3^Ji^-~>'!/t^tt'biz^ ±13*1=15 
0 0$:;-^^-->^'bT@^^5 0 0 a.RV'mm^S 0 Oh^B^t^o ZoLX± 
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6 0 0 aJ:^@^a56 0 0 a*^^^®-fpij7^ (0 1 9 {z^f y:&[p]) {3SV^^3TO{- 
I3\p\ (Ell 9{c^N-rz:^iPi) {c>[^[pi-r^]^®{3{±. l^igMG 0 Ob^^0i|i;^lni 

(mi 9{3^N-rx;^[pi) {i^i&^-y-2);feto®igi&«ii6 0 3*s;en^nio-r-oiS{t 
^mm^e o o b®i^fiij®(c{i, ^i^jgMe o o h(Dm^-J5\pi(Dm^^^kii^ 
r^fzisbcD^mmme o i is^^ti^ni-ot-own-f^nxu^o 

^LXs ±tm^(Dnmm^>v-iz^\.^x. ^mm^6oohiz^\f^2'DCDmm 
mms osmiz. Mmmm^e o oh(Dm^umti^mT^m^m(Dms.^mahx. 
■^mmmmizm^^mm'^y^tMm^z. -^©igMs oob^^ois^ip] (x^ 
[p]) izm-'M(Dmm^G o ohm(D^^iz;^^^^^nzMLxnm^izmm^^^o 

^jyirutiiz^-^xm^yj^ (z;&[q]) iztzt^/vxm^u ^mm^eoohiz^if^ 

(iiu;^';;^) ij^^nmmco^^^itit^^ti^x^^o 

0 Ob) ±mmmmmitmm(^^^(^s.mMi'xm}i^^nx\^^^:it 
\zf^^(Dx. ±.%m.^(Dnm.U'^y'^\zn\^x^m-mL^AQ\^^m\ziK^<t^^ 
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^tnmiz, mmmmso4ii, t^)]^zi=.r^h0^:^mifio\>x±2o^ji%]ixyx 

s D t'-DmcD^^mmt^mmmmttmLx o ^mx. 3 0 ^)\^%urMmx&^^ 

^ < t^-:fj^mii\\t^m'^(D h-^;i/»a(i. 0 1 0 ^^jiyoi^xrx^^z 

mmwrn^ts) xmmr^:itt^m^L\,^o 

m^5o 0 imLt'mfx\.^tji\,Mfi, ummmi^x. m^(Dyjmzm-(f^m.m.m 
m^(Dnmm^^m'r^^oizLxi)^Uo 

^fes ^mmBmiz^if^nmf§i'^>mz^i^xi±s sim 5 o o ©^jgajgis 5 o o 
bsr>'@^gi5 5 0 0 ai(Dmmm\(D^^±iz. m 1 503 ^ibirjmm 5 0 
4tBm.i^m5 0 5tm2(Dmmm5oet^mizmmLtzt^s ^itub^m^mmir 
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M^^S-fe>•9■-^ S-ti-^yV—. JPMJt-by-tl--. ^ft-fe>1t-. ^>3>y^^r>' 
■9"-. S.Mh'yyT.. Bmj^ikMTs S.m7.}^~tj-s J±mv'>r ^D7;i->. E€7 

K^^I4^it^7^^'^^gM-^MJ±m#:r^^^:n-^ 2 0 0 1 - 

3 3 2 0 4 m&m^m) d^fji-r-^^o -^s ±HB^iiijEm^^i±> ±hb^js 
mm-x:mmLtz 'hcot mmommcDm i osm tEiaiswji trnmi^mtm 2 ®m 



mm±mmmm 
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1 . mk±izmfihntzm i (Dmmmt. mm i (Dmmm±izmii'^tifzm\^um 
mmt^m^tzs.mm^r'h^x. 

±H3iH«J^Ji^i^ Az:;&^i^X{iiE;5H^^® ( i o o) m^it (o o i) 

±HBj±m#:Ji{±s mmi^m^xitiE:^^B^(D (oo i) si^fi^iaiPiufe-^p:/;^ 
±mm\^ummiz^i,-i^^(ptji <ti>mi (DmmmmommT&mmt. ( i o o ) m 

XJi (0 0 1) ®IB[pi®M^As^lcDffi^Ji{::i5{t^iBlo]MJi{PJJ®^®gB{-'t4m-r 

2. iElR]MJlii^ i^;i/i3-i>A©^W»3biOJi^±2 0^;i/%JilTt:2g»D>b^oi&o 

> >^s&^ y.itw^^ ym.'y y^y ^J)^^ ym.^\z^^^ ^^ti h.mi'^yiiy 

(b'^u<}L^-ii-^'mii\yfzho^fs^^n.^^}^^m^}L-t^ mim i is«g®flE«*^ o 

3. ^^>^^>^>i^;i/i]>^iS{ci5(t^^>^>0^WaA^O^Mx. 2 5^;i/ 

4 . ^^ym=yy^yv)\^zi ytmk\z-^^^ i/ t>hm^ y i^ycD'Pt^ <t^-l3 

fitz'ptj^<t^ imcDn^miy^^ta^. mn^miz^^^ntz^^y^ntmitf-^y 
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8. mmtmi(DmmmtcDmi:i. m^mtmi(Dmmmt(Dm^^^-Mfsb^^m 

±HBiHfS]Ml{i:. AL^^^XttiE^H^® (10 0) (001) ®{;:fS5fe 

iE|p]b;/^c^D:7X:i7^ h^^'fbtlJb^^^j: I9> 
±f3J±ml{i^ aSft^B^mxttiE;^^!^© (GO 1) ®{iM5tSEln]bfc-^D:/;^ 

±fBIBlplMM{3*5{t §'J^^^ <}L^W,\ 0m@Ji{|iJ®^®3ef#gP{i. (10 0)® 
XJi (0 0 1) taiB[p]®$WA^^lcD«1iM{^*Dit^iSlpI^Jt®MiJ0^®g|5fci2^ 

1 0. mi®S1ijii:iH[nimji^Em#:M^m2®mM^*^)i(::M^tiT>fe 
^JEH^^^s ^ESm^®lllcDm^ijSfl'J®®{3iS(t^ti7^cig|bJii:> MSjJI® 

^H^. ±HBEmm^®E«^^Ji®jE«'/Am{3ct D±IB^i&^^jiJf ^iRjt^iiL^ii: 
T±HBE:bgf^®^>^^P±m^-B:-2)cfca(-^^^tlfc^>^e^x>)/ h^^;/ h'Tfeo 
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±tmmmmit. Ai^^i^.xiiiE;^^^^.® ( i o o) mxit (o o i) ®(cfi^ 

±ms.mi^mit. mmi^^mxitiEi^^Bmo) (o o i) mzmmii^Lrz-^vyT. 

±i3iE[R]»^{c jott ^^j>^d; <ti)mi ommmmommTiwrn^s ( i o o ) ® 
x(i (0 0 1) mm\^(Dmw,ifimi(Dmmmi^i^i'fMmmmmiM(Dmmm:iiM:mT 

t^&m^m^s mmm(D'ptj:< t%^mmn^±iz, mi(Dmmmtmmmmii& 

±HBi2lp]Mji{±s tL-nWB^yJi^'&I^WB^o^ (10 0) fflXii (001) 
m&.Wm\±. gSi*:^IF.X{±IE^^,^® (0 0 1) ®{cffi^iB|pIU;^c-^D7'x 

±fBiH[piMji{3^5{t^'j.^^^ < h 1 (Dwmi%(DmMM^m±. (10 0)® 

X{± (0 0 1) ®iE|p]®M:^A^mi®mM{-*5{t^iB[p]»Ji{piJcD^®gp{c{i^ 
12. iElR]»ji(i. S^;i/=i-«>A®^WSA^0ii;l±2 0^;i/%j,:.lTt:^feD;()^-:5$S 
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1 3. ^^>^^>^>i^;i/:3>^a&{3jbitS^>^>®^;gS*sO>&^x.2 5^ 
-r^ii^lll 2HB«g0^3iJg-fe>ito 

xD^^mfi^ 0 3 0 ^;i/%Ji>iTT-fe § z t ^^i^WLtir^mMm 1 1 mm<Dnm 

16. ^1 0S^ji(3i;{tsiHiRi^J^Jiffly®^®^i3'f4g-r §5^^ y^itmit^^ 
y(Dmmmt^^0^iiimt^2nmx^^'h^^^z}i^^WLtir^mmMi immcDn 
mj§.^y^o 

17. BMi^Mit. f-^ymi^j^::tymm^^m^}i-r^mmmti'^tii^:it^ 
mmttm^mi itmcDnmm^y^o 

19. mm±iz. ^^y^itmit^^y^^^t^m^mt^^-^^^miommm^ 
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mM\Riumm^ ( i o o) mynt (o o u mizmMi\^^^^j:.m-^$>^. 
±mBmi^m^n^mt^iimit. ±mi^^wmmiz^\). m&mi^m^ (ooi) 

2 0. mi(DmmmtM^MmmtBmi^mtm2(Dmmmttimimm^nxt<i: 

WMVmm <^ >^ ^• ^ ^ (3 cfc !9 Bfig-r x@ , 
±IB^2omM±{c. ^i^l®>&Bfilc-r^xai:^ 

ilEfplMji^ (10 0) SXJi (0 0 1) ®{CfS^iB|p]^•y:§X^iTfeD^ 

±iBEm^*:M*?FMt-i.xa{ix ±H3ielo]MJi{-J;D^ w&mm-^ (oo i) 

®«^iB|pI^-y-§x@T'$)^Ch<&1ti!c^1"^^>^i^x^^ h-s^y h'©M3g^^o 
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